A series of ester derivatives of1-benzy1-4-piperazineacetic acid was synthesized and evaluated as antiulcer agents.Quantitative structure-activity relationships(QSAR)analyses by using the ALS (adaptive least-squares)method were performed in each step to decrease the synthetic efforts.The QSAR for the esters is much the same as that for the previously examined amide derivatives.The antiulcer activity of these compounds was considered to be based on the cytoprotective activity.The most active and the least toxic compounds,5nand5y,were selected for further study.
In the past few years there has been increasing interest in gastrointestinal mucosal defensive factors against damaging agents,and in compounds which stimulate the defensive mechanisms.In the course of our study to search for antiulcer agents with cytoprotective activity,we found that some derivatives of 1-benzy1-4-piperazineacetamides(1)meet the requirements.2)Quantitative structure-activity relationship(QSAR)study of these derivatives revealed that1-(2,3,4-or3,4,5-trimethoxybenzyl)-4-piperazineacetamides with small NRR' groups are preferable.1)If the smallness itself is the condition of potent antiulcer activity,then the NRR'groups are replaceable with other small groups.With this thought in mind,we prepared some ester analogs of1and examined their antiulcer activity.This paper deals with not only syntheses and antiulcer activity of the esters(5)but also QSAR analyses of these derivatives by using the adaptive least-squares(ALS)3)method. 
Chemistry
The compounds for biological testing were prepared by two general methods as shown in Chart2.In method A,a1-benzylpiperazine derivative(2)4)was condensed with a chloroacetic acid ester (3) .Almost all of3are known compounds,5)and they were prepared from chloroacetyl chloride and alcohol or phenol, then purified by distillation. Esters of1-piperazinepropionic acid were obtained from4-methoxyphenyl acrylate(4)6)and2.In method B,compound6was alkylated with alkyl halide in N,N-dimethylformamide(DMF)in the presence of potassium carbonate. Compound6was prepared by hydrolysis of5b with hydrochloric acid. Compounds5prepared were converted to acid addition salts and purified by recrystallization. Results and Discussion A facile indomethacin-induced gastric ulcer model in rats at a dose of200mg/kg was used as a first screening method,and a test compound which showed statistically significant activity(p<0.05)compared to the control was judged to be active.Oral toxicity(LD50)was determined in mice for the active derivatives.
First,in order to examine the effects of variation in the ester moiety on the antiulcer activity,eleven alkyl and aralkyl esters(5a-k)were synthesized and tested. Table I shows that bulky ester residues reduce the activity,as expected.Therefore,the bulkiness of the OR group was evaluated in terms of van der Waals volume(VW)7)and A LS analysis was performed to obtain Eq.1:
where Y is the discriminant score for the classification of activity ratings,n represents the number of compounds used to derive the equation,nm;s is the number misclassified,and Rs is the Spearman rank correlation coefficient8)Equation 1 classified the compounds perfectly, and this equation is quite similar to that reported for the amide derivatives previously)) Among these derivatives,the phenyl ester(5i)is the most active and the least toxic(see Tables  I and VI) ,so the substituted phenyl ester derivatives(51-q)were synthesized and tested.The ALS analysis of these derivatives(51-q)gave Eq. Next, the effects of the substituent X on the benzyl moiety were examined . The substituents were selected from those of the amide series2)and8compounds (5r-y) were prepared.A substituent which diminishes the activity in the amide series,also reduces the activity in the ester derivatives.Therefore,the parameter set used in the QSAR of amide series1)was employed in this series,and Eq.3was obtained.
where B-3 and B1-4are Verloop's B1value10)of the substituents at the3and4positions , respectively.A substituent which has a large B1value is favorable for antiulcer activity .When the substituent is forced to be in the in-plane conformation,B2value was used instead of B1 value as previously.The3,4-methylenedioxy group is regarded as an in-plane conformation of the methoxy group and1.90was assigned for both the B13and B _,values.
Next,all1-benzyl-4-piperazineacetic acid esters(5a-y)were analyzed to give Eq.4.The a values were assigned as 0'except for substituted phenyl esters. Two 1-benzy1-4-piperazinepropionic acid esters(5z and 5aa)were synthesized to investigate the effect of the number of methylene groups between piperazine and carbonyl on the antiulcer activity.These compounds were inactive against indomethacin-induced gastric ulcer,so an attempt to study longer methylene derivatives was terminated.All compounds including these two were subjected to analysis using a dummy variable N,which indicates the number of methylene groups,and the following equation was obtained.
It is perhaps questionable although not entirely unreasonable to use a dummy variable(N)for only two compounds.In order to confirm the validity of the ALS results,the leave-one-out technique was applied.The predictive results based on Eqs.4and5classified100%of the compounds correctly.The parameters and results of ALS recognition and prediction are summarized in Table IV and the correlation matrix of the parameters used in Eq.5is shown in Table V .Equation5shows(1)a bulky ester moiety is disadvantageous,except for a phenyl moiety without an electron-attracting group,(2)a smaller number of methylene groups is favorable,CD a substituent on the benzyl moiety which has a large B1 value(or B,value when the substituent is forced to be in the in-plane conformation)is favorable for antiulcer activity.
From the standpoint of potent antiulcer activity and low toxicity,five compounds(5c, 5d,5i,5n and 5y)were found to be preferable.Their ED50values in various ulcer models are summarized in Table VI along with those of reference compounds. Table VI shows that5n and5y possess superior antiulcer activity to the reference compounds.Their toxicity is acceptable,so we selected these two compounds as candidates for the development of antiulcer drugs.The antiulcer effect of this novel series of compounds seems to be due to the cytoprotective activity,because no acid or pepsin antisecretory activities were observed.The precise mechanism(s)of cytoprotection remains to be clarified. Several structures satisfying the above criteria could be designed.However,Eq.5predicts only whether the compound is active,but not whether a compound is more potent than5n and Sy.On the other hand,Hansch-Fujita analysis of these five compounds gave Eq.6.
where C is the value calculated from ED50(indomethacin-induced ulcer)in Table VI The QSAR results of the esters are much the same as those of the amide series reported previously, so54compounds(27amides and27esters)were subjected to the ALS analysis, and Eqs.7and8were obtained. where t is Student's t-value8 calculated as t=R s[(n-2)/(1-Rs2)]1/2 and p is the level of significance.A dummy variable(D)for distinction between the amides and the esters was not necessary as judged from the contribution index(C.I.D=0.020).3)Thus,it was confirmed that the QSAR for both the amides and the esters can be expressed in one model(Eq.7).
Several 1-piperazineacetamides,including esaprazole (7),pirenzepine (8) and fenoverine (9),have been used clinically as antiulcer agents.These compounds show antisecretory activity.It is impossible to deny that experienced medicinal chemists would easily be able to design 1 as antiulcer agents from the structures of existing drugs,but it would not be readily predictable that not only some amides(1)but also some esters(5)of l-benzyl-4-piperazineacetic acid show antiulcer activity based on cytoprotection.The structural resemblance does not necessarily imply similarity of the mechanisms of antiulcer activity.This study shows that the extrapolative application of the QSAR results of the amide series(1)brought forth a new lead compound(alkyl ester)and the antiulcer activity was enhanced efficiently by substituent modifications aided by the QSAR.
Experimental
Melting points were determined on Yamato capillary melting point apparatus,model MP-21,and are uncorrected.Proton nuclear magnetic resonance(1H-NMR)spectra were determined on a Hitachi R-24B NMR spectrometer using tetramethylsilane(TMS)as an internal standard .Silica gel 60F254(Merck)thin layer chromatography(TLC)plates were used for TLC. 
